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Sorghum is an ancient crop grown almost everywhere in the world and used for 
different purposes. In the U.S, and other developed countries, sorghum is used largely for 
animal feeding.  In developing countries, especially in Africa and Asia, it is used 
primarily as human food.   
Sorghum is a dependable food crop in Tanzania and its production and use ranks 
second after maize. Different traditional methods including malting and fermentation 
have been used in addition to decorticating and milling to process sorghum for the 
purpose of providing diverse materials. However, sorghum has major drawbacks of poor 
starch and protein digestibilities that undermine its nutritional value. Thus sorghum has 
been underutilized compared to maize, wheat or rice. Therefore, a study was undertaken 
to determine if malting and fermentation pretreatments can affect the digestion of starch 
and protein in sorghum flour. The specific purpose of the study was to investigate effects 
of malting and fermentation on food-grade Macia and red tannin containing sorghum 
flour composition and functionality.  
 Flour samples (regular (Rg), malted (mal), fermented (fe), and malted and 
fermented (malfe)) from both varieties were prepared using malting, milling and 
fermenting procedures. 
Levels of reducing sugars, soluble protein, free amino acids; pH and titratable 
acidity were determined for the flour samples. Textural profile analysis for hardness, and 
springiness, and surface color and relative oil uptake measurements were performed for 
fried buns.  
Results indicated that malting and fermentation pretreatments had a significant 
effect (p < 0.05) on the amounts and levels of reducing sugars, soluble proteins and free 
amino acids, pH and titratable acidity levels but had no effects on the textural properties 
of the buns or on their color and oil uptake. 
Sorghum variety had no effect (p >0.05) on the amounts and levels of reducing 
sugars, soluble proteins and free amino acids, oil uptake, pH and titratable acidity levels 
but had a significant effect on the surface color of the buns. 
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CHAPTER 1: LITERATURE REVIEW 
Abstract 
Sorghum is a cereal native to sub-Saharan Africa and grows well in temperate and 
tropical areas of the world. USA and Nigeria are the number one producers of sorghum in 
the World and Africa respectively. In Tanzania, Sorghum is produced in dry land regions 
and production is still on subsistence bases. Commonly grown cultivars include both 
improved and local cultivars.  
Sorghum is consumed as porridge and as malted and distilled beverages in Africa 
and Asia and used as syrup, animal feed and ethanol production in the US and other 
developed countries. 
Production and Utilization 
Sorghum is a cereal native to sub-Saharan Africa and grows well in temperate and 
tropical areas of the world where other staple cereals such as maize, wheat and rice 
cannot grow well (Rami et al, 1998; Haussamann et al, 2000). About 45million hectares 
of sorghum are being cultivated in the world (FAO, 2005) and USA is the number one 
producer followed by Nigeria, India, Mexico, China, Argentina, Sudan, Ethiopia, 
Somalia,Australia, Burkina Faso, Brazil, (Murty and Kumar, 1995; Dicko et al; 2005; 
FAO, 2005).  
Approximate 21.6 million metric tons (850.6 million bushels) of sorghum and 
millet are produced in Africa each year (FAO, 1995). The most commonly grown 
cultivars include white sorghums and red sorghums. Red sorghums are normally bitter 
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and mainly used for fodder and making beer, whereas white sorghums are sweeter and 
usually used for making porridge and syrup.  
Nigeria is the number one producer of sorghum in Africa followed by Sudan, 
Ethiopia, Somalia and Burkina Faso (FAO, 1995). Other countries include Ghana, Togo,  
Niger, Mali, Egypt, Tanzania and Uganda (FAO, 1995; Murty and Kumar, 1995). Also in 
the list are Cameroon, Chad, Senegal, Kenya, Rwanda, Burundi, Zambia, Zimbabwe, 
Malawi, Mozambique, Botswana, Lesotho, South Africa, and Namibia. (Murty et al, 
1995; FAO, 2005).  
In Tanzania, small-scale farmers on subsistence basis produce sorghum with an 
average yield less than1000t per year, an amount considered too little to sustain an 
average farm family for 12 months (FAO, 2008).  
The major producing areas in Tanzania are Dodoma, Singida, and Tabora in the 
central zone, Mwanza, Shinyanga, and Mara in the lake zone, Lindi and Mtwara in the 
southern zone, and some parts of Morogoro region in the eastern zone (MAC, 1998). 
Commonly grown cultivars include macia, tegemeo, pato, and selena (improved 
cultivars) and Lugugu, Udo, Langalanga, Ilolo, Ichicha, gundu, and weigita (local 
cultivars) (Mafuru at el, 2007).  
Macia and tegemeo, white/khaki in color, with a sweet taste and considered low 
in tannins, are grown mainly in the southern, eastern and central zones (Lindi, Mtwara, 
Morogoro Dodoma and Singida). Pato, a reddish brown colored, sweet and low in tannins 
variety is grown in Lindi, Mtwara, Morogoro, Dodoma and Singida. Serena, gundu and 
weigita cultivars that are red, bitter with high tannin content and mainly used for making 
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local brew are grown in Lake Zone regions of Shinyanga, Tabora, Mwanza, and Mara 
(Minde et al, 1993).  
Sorghum is consumed as whole grain or processed into flour, from which 
traditional meals are prepared. These foods include thin or thick fermented or 
unfermented porridge (ugali and uji,respectively), boiled products similar to maize grits 
or rice (wali), boiled whole kernels (kande) and popped sorghum  (bisi).Moreover, 
sorghum and wheat composite flour is now common for making flat bred (chapatti), and 
other deep-fried preparations such as buns from fermented or unfermented dough. Other 
food uses include preparation of alcoholic and nonalcoholic beverages (pombe/chibuku 
and togwa respectively). 
In recent years, Sokoine University of Agriculture in collaboration with the 
University of Nebraska-Lincoln, and the Tanzania Food and Nutrition Centre, have 
conducted some processing and entrepreneurship training for a number of small-scale 
processors, both individually and in groups, who are now fully engaged in the business of 
processing sorghum food products for selling. One of the products that have expanded its 
presence in the market is the nutritious flour, popularly known as power flour or Unga wa 
lishe. The product, usually packaged at different weights is being sold in supermarkets, 
food stores and grocery shops in the east Africa region. It is viewed not only as the best 
weaning food for children, but also used by people with diabetes and high blood pressure 
and other conditions especially opportunistic diseases associated with HIV/AIDS.  
However, in Tanzania, the overall acceptability of sorghum as human food 
compared to other cereals is still low even in regions showing promising potential for its 
production and utilization. There are number of reasons with the main one being its poor 
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starch and protein digestibility. Other reasons include inadequate knowledge on the 
nutritional and health benefits of sorghum, and limited product development expertise. 
Due to these and other reasons, sorghum is categorized as of low nutritional value and a 
food for the poor. Traditional methods of processing are known to have some effects on 
the digestibility of sorghum and can be used to improve its nutritional quality (Chavana et 
al, 1989).  
 Sorghum Grain Composition and Functionality 
Like all other cereals, the sorghum kernel is composed of three main anatomical  
parts,  namely the pericarp (bran), germ  and endosperm (Hoseney, 1994). The pericarp  
is an outer protective layer making up to 5-6% of the kernel weight. It is a rich source of 
dietary fiber, minerals and vitamins. The endosperm is the storage tissue and the largest 
part of the kernel  and also a rich source of both starch and protein. The relative 
proportion of protein and starch in the endosperm is the most important factor affecting 
grain hardness and density.  
The germ contains two major parts, the embryonic axis and the scutellum, and  
makes up 10-14% of the kernel weight. It is a rich source of lipids similar to corn oil 
(Rooney,1978). The scutellum is a storage tissue and rich in lipids, proteins, enzymes and 
minerals.  
Non-starch polysaccharides (NSPs) constitute about  about  2-7% of the kernel 
weight, and are the  main cause for the insolubility and resistant nature of sorghum  
starch . Most NSPs, are  located in the pericarp although some can be found in endosperm 
cell wall (Hoseney, 1994). Cellulose, hemicellulose, minerals, protein, phosphorus, 
phytates, fat,  niacin, thiamine, and riboflavin are also found in the bran (Hoseney, 1994; 
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Serna-Saldivar and Rooney, 1995).The most important non-starch polysaccharides 
include arabinoxylans and β-glucans. While arabinoxylans are said to play an important 
role in the processing of sorghum for baking and brewing, the β-glucans are associated 
with processing problems such as poor wort and beer filtration rate (Serna-Saldivar and 
Rooney, 1995).  
Carbohydrates, in the form of starch, are located in the endosperm and are most 
abundant (60-80%) in the sorghum kernel (Hoseney, 1994). Starch is the main source of 
energy required for germination and is made of two large molecules. They are 
amylopectin, a branched-chain of α-glucose units joined by (1-4) and (1-6) glycosidic 
bonds with content in sorghum starch ranging from 45-54%, and a straight-chain 
polymer, amylose with α-glucose units held together by (1-4) glycosidic bonds (Duod et 
al, 2003). Amylose that constitutes about 10-17% of sorghum starch (Duodu et al, 2003) 
is capable of forming helicoidal structure in solutions. The interior of the helix is 
hydrophobic allowing amylose to form a complex with free fatty acids and iodine. It has 
a higher gelatinization temperature (70-75˚C) than amylopectin (Whistler et al, 1984; 
Dufour et al, 1992; Taylor, 1992) and is more susceptible to retro-gradation than 
amylopectin (Gomez et al, 1988).  
Low amylose-containing sorghum varieties are suitable for brewing and extrusion 
cooking and are also recommended for infant formulations and preparations. Preparation 
of thick paste for noodles requires high amylose content as already stated. The majority 
of the carbohydrates in sorghum are starch with low amylose content and therefore 
suitable for brewing and preparation of infant formulations 
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Protein is the second major component (7-15%) of the sorghum kernel located 
mainly in the endosperm and divided into kafirins, albumin, globulins and glutelins. 
Kafirins (prolamins) constitute the major protein fraction in sorghum with about 50-70% 
of protein mass followed by glutelins (FAO, 1995; Hamaker et al, 1995; Oria et al, 1995; 
Duodu et al, 2003).  
These protein fractions are within the protein bodies and protein matrix of the 
starchy endosperm. Kafirins are further subdivided into three types α, β, and γ, with α-
kafirins (80%) being the principal storage proteins of sorghum. The β- and γ –kafirins 
account for about 5 and 15% of the total kafirins, respectively (Jambunathan et al, 1975). 
The nutritional quality of sorghum is poor because these kafirins (prolamins) are protease 
resistant (Evans and Taylor, 1990). This is a big challenge especially for developing 
countries (including Tanzania) where protein quality is critically important yet the human 
diets consist mainly of cereals. 
Lipid content of sorghum, averaging about 3%, is higher than that of wheat and 
rice but lower than that of maize and pearl millet (Hulse et al 1980; Serna-Saldivar and 
Rooney, 1991). Most of the lipids of sorghum are located in the scutellum and therefore 
can be significantly reduced when kernels are decorticated and degermed. Fatty acid 
composition of sorghum oil is similar to that of maize oil, with high concentrations of 
polyunsaturated fatty acids including linoleic (49%), oleic (31%), and palmitic (14%) 
acids. In addition, the oil contains linolenic (2.7%) and stearic acids (2.1%) (Glew et al, 
1997). 
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Both vitamins and minerals in sorghum kernel are concentrated in the aleuronic 
and germ and therefore the removal of these tissues by decortications will result into 
getting a refined sorghum product that has lost a major part of these important nutrients. 
Sorghum is the only cereal that contains a significant amount of β-carotene, the 
provitamin of vitamin A, which is an important vitamin for human physiology, and a 
good source of lipid soluble vitamins A, D, E and K (Hoseney, 1980), B-vitamins 
(thiamin, riboflavin, and pyridoxine), and tocopherols (Dykes and Rooney, 2004). Whole 
grain sorghum is considered rich in minerals such as magnesium, iron, zinc, copper, 
calcium, phosphorus and potassium found in the pericarp, aleurone layer and germ (Glew 
et al, 1997; Anglani, 1998). 
Health and Nutritional Benefits of Sorghum 
Apart from having substantial amounts of micro and macronutrients, some 
sorghum contains high amounts of phenolic acids, flavonoids, and condensed tannins 
(Rhodes and Price, 2006; Awika and Rooney, .2004). Different studies have shown that 
these compounds have numerous health benefits to humans including the ability to 
decrease the risk of cardiovascular disease by improving endothelial function and 
inhibiting platelet aggregation (Carr et al, 2005; Dykes and Rooney, 2006), and have anti-
carcinogenic properties (Van Rensburg, 1981and Chen et al, 1993).  
      After studying populations consuming sorghum and millet, Van Rensburg 1981 
and Chen et al. (1993), found that individuals from the respective populations had a lower 
incidence of esophageal cancer compared to other populations consuming wheat or maize 
and therefore both concluded that these cereals had anti-carcinogenic properties.  
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Morton (1970; 1972) on the other hand, reported that there was an association between 
high tannin sorghum consumption and human esophageal cancer. While Grimmer et al 
(1992) showed that polymeric tannins from sorghum had higher anti-mutagenic 
properties; Turner et al (2006) indicated that a reduction in colon carcinogenesis could be 
due to the antioxidant activity of the black and tannin sorghum bran. 
      Some sorghum with a pigmented pericarp provides a unique opportunity to 
produce special food products with high levels of dietary fiber, antioxidants and a variety 
of phenols. Tannin sorghums with red/brown pericarps are often used in the production of 
opaque beers, since the dark color imparted to the beer by the pericarp pigments is a 
desirable attribute. Black and tannin sorghum bran can be added into yeast-leavened 
bread formulas to produce food products with potential health benefits like good-quality 
breads containing tannin sorghum bran, high phenols, antioxidant activity, and dietary 
fiber levels with a natural dark-brown color and excellent flavor (Rooney and Waniska, 
2000; Gordon, 2001).  
Starch and protein digestibility 
Among the cereals, sorghum possesses low starch digestibility (Zhang and 
Hamaker, 1998) that has been shown to affect the feeding value in livestock (Axtell et al, 
1981), and to cause a higher loss of energy in humans (MacLean et al, 1981). Factors 
affecting the digestibility of sorghum starch include cultivars, the extent of starch-protein 
interaction, and the physical form of the starch granules, presence of inhibitors such as 
tannins, and the type of starch. According to Rooney and Pflugfelder (1986), the starch in 
the endosperm of the sorghum kernel is surrounded by a dense, hard peripheral 
endosperm layer that resists water penetration, both physical and enzymatic digestion, 
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and mechanical disruptions (Rooney and Sullin, 1973).The layer is largely responsible 
for restricting the availability of starch to enzymatic hydrolysis. Starch granules of the 
sorghum endosperm are embedded in a dense protein matrix; with high levels of 
prolamin-containing protein bodies that surround starch granules thus acting as barrier to 
starch gelatinization and starch-protein interactions.  These factors contribute to the lower 
starch digestibility of sorghum. Processing methods that expose the starch granules and 
protein matrix to digestion may help overcome the digestibility problem. 
 Another nutritional constraint to the use of sorghum as food is the poor 
digestibility of sorghum proteins after cooking. Proteins of wet cooked sorghum are 
significantly less digestible than the proteins of other similarly cooked cereals like wheat 
and maize. According to Duodu et al (2002; 2003) poor protein digestibility is caused by 
both non-protein components (polyphenols, phytic acids, starch and non-starch 
polysaccharides) and protein components (disulfide and non disulfide cross linking, 
hydrophobicity and changes in protein secondary structure). Protein cross-linking is the 
greatest factor that influences the low quality of sorghum digestibility (Duodu, 2002).  
Tannin–protein interaction in sorghum involving hydrogen bonding and 
hydrophobic interactions whereby tannins are capable of binding and precipitating at 
least 12 times their own weight of protein (Butler et al, 1984).  
Tannins, associated with pericarp or endosperm cell walls in sorghum kernels 
lower protein digestibility either by reducing the accessibility to enzymes or by forming 
indigestible complexes (Glennie, 1984; Taylor 2002). Another cause of poor sorghum 
protein digestibility is the presence of higher proportions of cross-linked kafirins that 
causes intermolecular disulfide-cross linking among kafirins (Hamaker, 1986; 1987). 
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Poor starch and protein digestibility limits the use of sorghum flour for the preparation of 
weaning foods. There is evidence that malting and fermentation can increase the 
digestibility of protein in sorghum and therefore an improvement in its nutritional value 
(Ram, 1979).  
Kazanas and Fields (1981) reported an improvement in the in vitro digestibility of 
protein and starch, while Chavan et al (1988), and Au and Fields (1981) indicated an 
improvement in the composition and content of essential amino acids, and an increased 
absorption of minerals such as zinc, iron, potassium, magnesium, and calcium 
respectively. A decrease in tannin content and increase in the vitamin B6 and C contents 
was reported by Hassan and El Tinay (1995 
Processing Methods 
  Malting and fermentation are among the traditional processing methods that are 
widely used in Africa for the preparation of foods and beverages. Malting is the 
controlled germination followed by controlled drying of the kernels. The main objective 
of malting is to promote the development of hydrolytic enzymes, which are not present in 
non-germinated grain (Dewar, 2003).  
Sorghum in vitro digestion studies show that malting caused an improvement in 
protein digestibility and other protein quality characteristics, including percentage of 
protein, nitrogen solubility index and content of the first limiting amino acid, lysine 
(Dewar et al, 1995; 2003; Taylor, 1983).  
Other benefits of the malting process include increased vitamin C content, 
phosphorus availability, and synthesis of lysine and tryptophan (Dulby and Tsai, 1976). 
Also during malting, both starch and protein are partially degraded allowing for better 
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digestibility (Ram et al 1979). Furthermore amylases are elaborated and as a result, the 
viscosity of gelled starch decreases (Brandtzaeg et al, 1981).  
Malting has produced improvement in flavor profile and color (Rooney and 
Waniska, 2000; Gordon, 2001). Research conducted on the improvement of the protein 
quality of sorghum and its introduction into staple food products for southern and eastern 
Africa showed that malting, in addition to improving the malt quality characteristics, also 
improved the digestibility and quality of the protein, which generally increased with 
increased malting time (Carnovale et al, 1988; Dewar et al, 1997). Therefore, in view of 
these multiple benefits, use of a malting processing method needs to be advocated.  
The process of malting comprises three unit operations: steeping, germination and 
drying. During steeping, kernels are immersed in water until imbibed with sufficient 
water to start the metabolic processes of germination and at the same time dirt, chaff and 
broken kernels are removed by washing and flotation. 
The germination phase begins after the kernels have absorbed enough water to 
start enzyme production and starch hydrolysis. Conditions that are necessary during the 
germination phase are moisture content, temperature, length of germination time, and 
oxygen availability. Germination takes about 4-6 days and occurs rapidly between 20˚C 
and 30˚C with an optimum temperature of 25˚C to 28˚C. (Hoseney, 1994). The most 
important physiological processes associated with the germination phase are the synthesis 
of amylases, proteases and other endogenous hydrolytic enzymes (Hoseney, 1994).  
During the process, the hydrolytic enzymes migrate from the germ into the 
endosperm where starch and protein are hydrolyzed to sugars and amino acids, 
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respectively. These are then transported into the germ where they are further metabolized 
by the growing seedling (Hoseney, 1994; Leder, 2004). 
Drying is the final stage of the malting process and is required for stopping further 
growth of the kernels, reducing the moisture content and water activity, hence producing 
a shelf-stable product with active enzymes (Hoseney, 1994). Kernels are dried at a 
temperature of about 50˚C for 24 hours (Hoseney, 1994). After drying the roots and 
shoots are removed and the kernels milled into malted flour ready for use in the 
preparations of different food products.  Elaboration of amylases during malting has been 
taken advantage of in the development of weaning food and different infant and young 
child formulations. 
Fermentation, on the other hand, is a microbial metabolic, aerobic process, 
involving carbohydrate as the substrate (Adams, 1990) and can be either by yeast to 
produce alcoholic beverages or by bacteria to produce non-alcoholic products. Like 
malting, fermentation has been used to improve the flavor, texture, and palatability of 
foods. Various studies have shown that fermentation can increase in the concentrations of 
vitamins, minerals and protein (Taylor et al, 2000), increase soluble protein (Chavan et 
al, 1988), provide better essential amino acids composition as a result of de novo 
production of important amino acids (Au and Fields, 1981), and cause changes in food 
quality indices including texture, flavor, appearance, nutrition and safety (Rooney.   
Fermentation can also improve mineral availability and increase vitamin B 
content particularly thiamine (Manning, 1970; Mungula et al, 2003). Furthermore 
fermentation can improve microbiological safety and keeping quality (El Tinay and El 
Hidai, 1979; Liardon, 1983), increased in vitro carbohydrate availability and starch 
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digestibility (Manning, 1970) and improve in vitro protein digestibility (Carnovale et al, 
1988; Oria et al, 1995).  
According to Kazanas and Fields (1981), fermentation can help enrich the 
nutritive content of essential nutrients through microbial synthesis and improvement in 
protein and carbohydrates digestibility (Taur et al, 1984). This is probably due to both the 
enzymatic breakdown of the proteins by microorganisms in the fermentation medium and 
the effects of decreased pH during fermentation (Carnovale et al, 1988).  
Other studies also showed that fermentation could help to remove ant-nutrients, 
natural toxicants and mycotoxins (Hassan and El Tinay, 1995). It can improve nutrient 
density and increase the amount and   bioavailability of nutrients through degradation of 
anti-nutritional factors, pre-digestion of certain food components, synthesis of 
compounds that improve absorption and by influencing the uptake of nutrients in the 
intestine (Leder, 2004).  
Conclusion  
There is clear evidence that both malting and fermentation processing 
technologies can improve the nutritional quality in sorghum flour. Changes in the 
composition and functionality in sorghum kernel components during malting and 
fermentation imply that the two methods have beneficial effects on the sorghum foods. 
These methods may therefore help to improve the nutritional quality in and increase the 
consumption of sorghum food products. Increased consumption will translate into 
increased production thus an improvement in household income and reduction of poverty 
and malnutrition. A study to investigate effects of malting and fermentation on the 
composition and functionality of sorghum flour samples is warranted. Such study would   
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determine the amounts of reducing sugars, proteins and amino acids in flour samples. 
Functional property analysis (e.g.; hardness, springiness, color and oil uptake during 
frying) of products produced from pre-treated sorghum flours is also warranted. 
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CHAPTER TWO: EFFECTS OF MALTING AND FERMENTATION ON THE 
COMPOSITION AND FUNCTIONALITY OF SORGHUM FLOUR 
Abstract 
The purpose of this study was to investigate effects of malting and fermentation methods 
on food grade macia and red tannin sorghum flour composition and functionality in fried 
buns containing 30% sorghum flour and 70% wheat flour. Measurements to determine 
the amounts of reducing sugars, soluble protein, free amino acids, levels of pH and 
titratable acidity in sorghum flour samples, and the textural profile analysis (TPA) for the 
hardness, springiness, surface color and relative oil uptake in the buns were performed. 
Results showed an increase in reducing sugars, soluble proteins and free amino acids in 
the malted and fermented flour samples compared to the control or regular flour samples, 
respectively; a drop in pH and a corresponding increase in titratable acidity in all 
fermented flour samples; a low hardness texture in buns made from both malted flour and 
fermented flour samples compared to the control or regular flour samples, a low oil 
uptake for all buns made from sorghum flour samples compared to whole wheat flour 
sample and light color for buns made from the macia flour samples compared to buns 
made from the red tannin sorghum flour samples. Malting and fermentation influence the 
composition of sorghum flour and may be used to improve the nutritional profile and 
textural attributes of fried buns made with composite sorghum: wheat flour.  
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Introduction 
 Among the major cereal grains, grain sorghum exhibits poor digestion. This is a 
problem in areas of the world that rely on sorghum for a major portion of their diet. Poor 
digestibility in grain sorghum is caused by many factors including the presence of tannins 
that in some sorghum varieties tend to bind to protein, carbohydrates, and minerals, and 
kafirins that are protease resistant (Badi et al, 1990; Oria et al, 1995; Anglani, 1998). 
Furthermore, the interactions of protein to protein, protein to carbohydrate and protein to 
(poly) phenol and carbohydrate to (poly) phenol (Axtell, 1981; Hamaker et al, 1987; 
Knudsen et al, 1988; Cherney et al, 1992; Taylor and Taylor, 2002) have great influence 
on sorghum digestion. 
Sorghum is regarded as a “poor man’s grain” in part because of poor digestibility, 
but also because of poor organoleptic quality of food made with sorghum. This situation 
creates negativity among consumers and greatly limits sorghum utilization. Utilization of 
sorghum on a wider scale would improve local economies in arid areas of Africa, and 
Tanzania in particular, that depend on this grain to support local residents.    
Malting and fermentation of grains are simple processes known to have positive 
effects and can be used to change the functional and organoleptic properties of cereal-
based foods (Chapter 1). Therefore, this study was undertaken to determine the effects of 
malting and fermentation on sorghum flour composition and functionality.            
 Specifically, the study was carried out to determine the amounts of reducing 
sugars, soluble protein and free amino acids.  Levels of pH and titratable acidity in food-
grade Macia and red, tannin containing sorghum flours, and textural qualities (hardness, 
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springiness, color and relative oil uptake) of fried buns made from sorghum/wheat 
composite flour were also assessed. 
        It is hypothesized that the composition of sorghum flour and the functionality of 
flour in buns will change due to the malting and fermentation pre-treatments, and that the 
composition of food-grade Macia sorghum flour will differ from red, tannin containing 
sorghum flour. Also the functionality in buns made from food-grade Macia sorghum 
flour will differ from buns made from red tannin containing sorghum flour. 
Materials and Methods 
Materials 
 White (Macia) and red, tannin containing sorghum (T159781) varieties grown and 
harvested on University of Nebraska-Lincoln research farms in 2008 were used 
throughout the experiment.Kernel samples were kept in storage at -20˚C until use in 
treatments.   
Methods 
Sample Cleaning and Grain quality assessment 
 Grain sorghum kernels from each sorghum variety were cleaned by first manually 
sorting to remove deformed, small, broken and immature kernels, dust, sand, stones, and 
other foreign materials. The kernels were then quickly washed by immersion in cold tap 
water in a 20-L.bucket, stirred by hand and screened out of the water. Following washing 
the kernels were dried at room temperature on paper towels. After drying, kernels were 
kept in plastic bags and held at room temperature for approximately one month before 
grain quality tests were performed for each of the two sorghum varieties. 
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Kernel hardness test was conducted using Tangential Abrasive Decortication 
Device (TADD), with a standard disk No.36, (Model 4E-230, Venable Machine Works, 
Saskatoon, Canada) and a laboratory electrical seed scarifer (Forsberg, Thief River Falls, 
MN), as described by Liu (2007). Stenvert hardness hammer mill (Micro hammer Mill 
203 Brook dale Maywood. NJ 0767) and Wisconsin Breakage Tester (Grain Research 
Laboratory, Minneapolis, MN) with a rapidly spinning horizontal disk were used to 
determine breakage susceptibility of the  kernels.  These methods were used due to their 
simplicity, and the major focus was to find a hardness index that could differentiate the 
kernel integrity differences between the two varieties of sorghum grain. (Watson et al, 
2000) 
Milling Procedure  
After cleaning and kernel integrity assessment, 2.6 kg of kernels (in duplicate) 
from the Macia and red, containing tannin sorghum varieties were milled using a 
Quadrumat Jr. Laboratory mill (Brabender, Duisburg. Germany), to get regular Macia. 
(MRg) and T159781 (red tannin) (TRg) sorghum flour samples. Regular Flour samples 
and subsequently treated flour samples were all stored in plastic bags at -20 ˚C until 
further analyses or use. 
Malting Procedure 
Another 2.6 kg of kernels (also in duplicate) from each of the Macia and T159781 
varieties were placed in bags made of porous canvas. The bags containing kernels were 
immersed in tepid tap water contained in 20-L plastic buckets and then placed in a 
controlled environment chamber, set and maintained at 30˚C and 98% relative humidity 
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to begin the steeping phase. During the 120-hour steeping stage, the steep water was 
drained and replaced with fresh water daily. 
After steeping, the kernels were removed out of the bags, blotted with towels to 
remove surface water and placed on aluminum cookie sheets and covered by wet pieces 
of  germination papers. The sheets with covered kernels were then placed in a controlled 
environment chamber at 25˚C and 98% relative humidity to begin the germination 
process.  During the 72-hour germination process, the covering paper was periodically 
lifted and the surface of the kernels was sprayed with tap water. 
Following germination, the sheets with the kernels were then transferred to a 
forced air drying oven maintained at 50˚C and held for 48 h. Afterwards, kernels were 
left on the sheets to cool at room temperature and thereafter all rootlets and shoots were 
removed from the malted kernels by rubbing vigorously between the hands, and then 
separated by sifting through a 2.5mm sieve.  Malted kernels were milled with a 
Quadrumat Jr. Laboratory mill (Brabender, Duisburg. Germany) to get malted Macia 
(Mmal) and T159781 (Tmal) sorghum flour samples. 
Fermentation procedure 
About 300g of both the malted and regular flours (in duplicate) from malted and 
unmalted kernels of both varieties were fermented. To start the fermentation process, the 
flour samples were mixed with 600ml of tap water at ratio of 1:2 (grain(g) to liquid(ml)) 
and 30g of non-fat yogurt (obtained from a local market containing active cultures 
including L. acidophilus) to obtain a final mixture of 930 g of slurry. 
The slurry was stirred by hand and covered with aluminum foil then fermented at 
25˚C for 72 h. After fermentation, the slurry was transferred to a glass pan (6:4cm, and 
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spread into a thin layer. The pans were put into a forced draft oven at 65˚C for 24 hours. 
The dried material in the form of fermented cakes was allowed to cool before breaking 
into small pieces and milling (Quadramat Jr.), into fermented (fe) and malted and 
fermented (Malfe) flour samples from regular (Rg) and malted (mal) flours respectively. 
Determination of reducing sugars 
Extracts were prepared for all flour samples by weighing about 0.5g of flour into 
centrifuge tubes, then 10 ml of water was added, vortexes 3 times, boiled for 15min and 
then and centrifuged at 5250 RCF for 10 min. The reducing sugars in the extracted 
material of the regular, fermented, malted and malted and fermented flours from both 
food grade white Macia and the red tannin sorghum samples were determined by the 
(DNS) colorimetric methods with glucose as the standard and the absorbance values were 
read at 540 mm (Miller, 1959). 
Determination of Soluble Proteins and Free Amino Acids 
The quantitative measurement of free amino acids of the supernatant material 
from above of the regular, fermented, malted and malted and fermented flours from both 
the food grade white macia and red tannin sorghum samples were performed using the 
ninhydrin reaction (Plummer, 1978). The amounts of soluble proteins in the supernatant 
material were measured using the Lowry method (Lowry et al, 1951).  
Measurements of pH and Titratible Acidity 
The suspension material was prepared by mixing 5g of regular, malted, 
fermented, and malted and fermented flours from both food grade white and red tannin 
containing sorghum samples with 50mls of water and pH readings were measured with a 
glass electrode. The titratable acidity was determined by titration with 0.1N NaOH to an 
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end-point of pH=8.2. The titratible acidity was then expressed as the volume of sodium 
hydroxide solution required to neutralize 1 g of flour. 
 Production of Buns  
Sorghum buns were prepared using a wheat-sorghum composite flour (70% 
commercial wheat flour and 30% sorghum flour) wheat 43.2%, sorghum 18.5%, water 
30.79%, salt 0.13%, yeast1.2%, baking powder 0.38%, sugar 5.15% and cooking oil 
0.55% (Karegero and Mtebe 1994). First, dry yeast and sugar were mixed with 50 ml 
warm water and the mixture was stirred and left to stand until the ingredients dissolved. 
Second wheat-sorghum flour, salt and baking powder were mixed into mixing bowl and 
then yeast suspension was added to the mixture, and kneaded until the dough was smooth 
and elastic. 
The dough was left to stand for 25 min and then was cut into uniform sized cubes 
that were dropped into corn oil at 191˚C and left to fry for about 6-8min until the surface 
color turned golden brown then were removed and placed in saucepans to cool. Textural 
profile analysis (TPA), including hardness and springiness and surface color were 
performed immediately after cooling for 5minutes.Oil uptake measurements were done 
after freeze drying the bun samples  
 Hardness and springiness of buns 
Measurements for hardness and springiness in buns were carried out using the 
TA-XTZi Texture Analyzer (Stable Micro Systems Godalming; England) that was 
controlled by Texture Expert (Company) software, with a 20 mm cylindrical probe. 
Samples were left to cool for five minutes after frying before beginning the process. Each 
bun had the bottom and top crusts removed plus a marginal amount off the sides to form 
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a cube like shape (1 cubic cm). This was done so that the softer inside of the bun is tested 
only and not the outer harder crust. 
The sample was placed centrally under the cylindrical probe to avoid any irregular 
or non-representative areas. Settings were a modified version of the AACC method 74-
09.The probe was calibrated as follows: pretest speed = 2.0 mm/sec, test speed = 1.0 
mm/sec, posttest speed = 10.0 mm/sec, distance = 7 mm, time = 32.0 sec, trigger force = 
5g, tare mode = auto and data acquisition rate = 200 pps. The texture of the buns was 
measured by pressing a 20 mm cylindrical probe with a rounded end. The units of the 
buns texture were expressed as compression force in Newtons exerted during 
compression. 
Surface color of buns 
Measurements for the surface color of the buns were taken prior to measuring the 
hardness and springiness by using a Minolta chroma meter CR-300 (Baker meter-DC 10). 
The calibration plate was set at: L = 98.7, a = 0.0, and b = 1.4 and bun colors were 
compared to the control sample (bun made from wheat flour) and between buns made 
from regular, malted, fermented and malted and fermented flour samples. Using the L, a, 
b type of scales, values for L (0-100, black to white), a (positive-negative, red to green) 
and b (positive-negative, yellow to blue), were determined and the color difference 
between them was calculated as sample minus standard. 
Oil Uptake of buns 
Buns were first weighed and freeze-dried (LABCONCO, Kansas City USA). The 
machine was set at 0.09-0.13 Torr vacuum and -51˚C temperature and samples were left 
to dry for a period of 48 hours. The dried buns were then crushed using a mortar and 
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pestle into smaller particles, and oil was extracted using a Soxtec extractor (Soxtec HT 6 
and 1046 heating unit, Foss, Eden Prairie, MN)  (Christiansen et al 2007; Liguizamon et 
al, 2009) 
Data analysis 
The experimental design was a split-split plot design. The whole plot factors were 
the two sorghum varieties, which were at two levels: white macia and red tannin. The 
split plot factors were the processing methods: milled and malted, while the split-split 
plot factor was the fermentation process: fermented or non-fermented. There were two 
replications for each treatment, thus making a total of sixteen replications and each one of 
them was taken as one block. Statistical analysis system (SAS 1999) was used for all 
statistical analyses.  An analysis of variance (ANOVA) was performed using PROC 
MIXED procedures (p≤0.05) for the flour and the bun analysis. 
Results and Discussion 
 Amounts of reducing sugars in sorghum flour samples  
The amount of reducing sugars (mg/gflour) in flour samples from the food grade white 
macia and red tannin containing sorghum varieties was determined. Results show that 
there was an increased amount of reducing sugar in the malted flour from both sorghum 
varieties. (Figure 1). Statistical analysis results showed a significant (p < 0.05) difference 
between the two treatments and no significant (p >0.05) difference between the two 
varieties (macia and red tannin).  
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Figure 1. Amounts of reducing sugars in sorghum flour samples. 
An increase in reducing sugars during malting could be due to starch hydrolysis 
by hydrolytic enzymes such as α-amylase. These results are in agreement with previous 
studies, FAO (1995) and Traore et al (2004) which indicated synthesis of hydrolytic 
enzymes, such as amylases; proteases, and phytases during malting. Miazhar and 
Chandrasheker, (1993) reported a breakdown of protease resistant prolamines and an 
increase in the availability of minerals (iron, zinc etc). Essential amino acids principally 
lysine, tryptofan and methionine FAO, (1995) Anglani, (1998) and vitamin C content 
Taure, et al, (1984) were reported to increase during malting.  
During the germination stage kernels are first dehydrated, a process that increases 
both respiration and metabolic activities and enables mobilization of primary and 
secondary metabolites Limami et al., (2002). It is during this stage when breakdown of 
protease resistant prolamins occur Mazhar and Chandrashekar, (1993). Similar findings 
were reported by Mahgoub and Elhag, (1998) and Lorri et al (1993) that a reduction in 
phytate content corresponded to an improvement in bioavailability of some essential 
minerals (iron, calcium, zinc, phosphorus etc) in malted cereals. The malting process not 
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only caused a reduction in phytate content, but also increased α- amylase activity and the 
sweetness in the malt flours Mallesh and Desikachar (1988).  
Although some studies showed some negative aspects with this process, 
especially generation of cyanide, (Traore et al, 2004) the good news is this toxin, can be 
removed either by heating the flour or removing shoots, roots and germs, although 
removing the germ may reduce the amylase content in the kernel Traore et al, (2004). In 
African culture, opaque beer and weaning foods are prepared from malted sorghum 
indicating that malting and other traditional   processes can reduce the potential cyanide 
to lower levels considered nontoxic Dada and Dendy, (1987) and Laswai et al, (2000). 
Malting process presents an interesting story and could be used to improve energy and 
nutrient densities of gruels intended for infants and young children. 
Amount of soluble proteins and free Amino acids in sorghum flour samples  
The amounts of soluble proteins and free amino acids in the white macia and red 
tannin sorghum varieties were analyzed. Results in Figure 2 show a slight increase in the 
amount of soluble protein in fermented flours for both sorghum varieties (Mfe &Tfe) 
although statistical analysis of data showed no significant difference (p >0.05) between 
the two treatment variables (malting and fermentation) and between the two varieties 
(macia and red tannin).  
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Figure 2. Figure 2 Amount of soluble proteins in sorghum flour samples. 
The interaction between the treatments showed a significant effect (p < 0.05) on the 
amount of soluble protein for both varieties. An increase in soluble protein could be due 
to both solubilization of sorghum flour during fermentation and structural changes in 
storage protein (prolamines and glutelins) during malting, hence  making them available 
to enzymatic attack.  
A study by Taylor and Taylor (2001) supports the above argument whereby their 
results indicated an increase in vitro protein digestibility during fermentation and a 
combined treatment effect (malfe) significantly improved digestibility. Also studies by 
Kazanas and Fields (1981), Mertz et al (1984), Chavan et al (1988), Lorri and Svanberg 
(1993) and Hassan and El Tinay (1995) all showed an increase in soluble protein during 
fermentation process. 
Although reasons for the increase in an in vitro protein digestibility on lactic acid 
fermentation are not known, rapid lowering of pH may have an effect on the structure of 
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the proteins thus rendering them more accessible to the pepsin enzymes. Novellie (1968) 
referred to lactic acid as having a softening effect on the cereal proteins suggesting that 
the structure of the protein was changed in some way by the effect of the lactic acid. This 
could explain the improvement in an in vitro protein digestibility coinciding with a rapid 
drop in pH and the corresponding increase in titratible acidity during fermentation (figure 
4 &5. Generally there was no big variation in the amounts of protein between the two 
sorghum varieties. 
Fermentation as applied in traditional African porridges shows that the process is clear, 
simple and effective for improving the protein digestibility of cooked sorghum 
Malting and fermentation pre-treatments caused an increase in the amounts of Amino 
acids in the sorghum flour samples.  
 
Figure 3. Amounts of amino acids in sorghum flour samples. 
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Statistical analysis results showed a significant (p < 0.05) difference due to 
interaction effects (Figure 3). The increase in the free amino acids during malting and 
fermentation processes is due to a number of reasons. Bhise et al (1988) pointed out that 
during malting the storage proteins of the grain undergo partial hydrolysis by endogenous 
proteases to soluble proteins and free amino acids that are more susceptible to pepsin 
attack. Also the bacteria that are produced during fermentation increased proteolysis and 
degrade protein into peptides and amino acids that are readily utilized by the bacteria. 
Zamora and Fields (1976) pointed out that during their growth cycle, bacteria can also 
synthesize amino acids from metabolic intermediates. Mohammed et al (2000) evaluated 
the nutritional effects of processing sorghum flour into njera, popular fermented bread in 
some parts of Africa. In his study he analyzed amino acids and conducted an in vitro 
(pepsin) protein digestibility during injera processing and found that fermentation 
increased both. 
Levels of pH and Titratible Acidity in sorghum flour samples 
Levels of pH and titratible (TA) acidity were determined in sorghum flour from 
the two cultivars. Study results in Figures 4 and 5 for pH and TA, respectively, show that 
there was a significant (p < 0.05) decrease in pH levels in the sorghum flour samples 
from both sorghum cultivars due to fermentation (fe) and malting and fermentation 
(malfe) pretreatments.  
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Figure 4. Levels of pH in sorghum flour samples. 
A decrease in pH levels and a corresponding increase in TA (figure 5) is due to the 
production of acids, most likely lactic, acetic or formic acids by the micro-organisms, 
particularly bacteria. This is in agreement with study results by Friend et al (1995) and 
Cepeda et al (2000) who reported that lower pH values in tortilla were caused by the 
relative low amount of baking powder used and furmaric acid.  The results further show 
more variability in values of titratable acidity (TA) across the 8 sorghum flour samples 
than for the pH. The statistical analysis shows that while malting had no effect (p >0.05) 
on the TA values, both fermentation and the interaction had significant (p < 0.05) effects. 
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Figure 5. Levels of TA in sorghum flour samples. 
According to Friend et al (1995) this could possibly be due to the differences in chemical 
composition in flour and hence different buffering effects. The high acidity produced 
during fermentation made the difference.  
Hardness and Springiness of sorghum buns  
 Hardness is the peak force during the first compression cycle and is needed to attain a 
given deformation. Springiness is the height to which a food recovers during the time that 
elapses between the end of the first bite cycle and the beginning of the second bite cycle. 
It is the tendency for a food to return to its undeformed state or shape after a biting force 
is removed. 
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Figure 6. Hardness (N) of sorghum buns. 
Figure 6 shows the effects of both malting and fermentation on the hardness of 
sorghum buns. Statistical results showed that both process and sorghum variety 
treatments had no significant (p >0.05) effects in buns hardness. Furthermore results 
showed no difference in springiness between buns prepared using different sorghum flour 
samples from the two sorghum varieties (white Macia and red tannin containing orghum). 
Buns made from wheat flour were used as a standard and according to Karegero 
and Mtebe (1994) consumers preferred buns that were slightly soft.  
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Figure 7. Springiness (%) of sorghum buns. 
Bun surface color 
Color is an important aspect in the market. Consumer perceptions about some products 
are based on color and many foods are associated with a specific color. The surface color 
values of the buns made from different sorghum flours were analyzed using a CIE-lab 
color system L value. According to the L, a, b type of scales:  L (lightness) axis—0 is 
black, 100 is white; a (red-green) axis—positive values are red; negative values are green 
and 0 is neutral; and  b (yellow-blue) axis—positive values are yellow; negative values 
are blue and 0 is neutral. All colors that can be perceived visually can be measured in any 
L, a, b scale.  
These scales can also measure the color difference between a sample and a standard.  
Color difference is always calculated as SAMPLE minus STANDARD. 
 • If ∆L is positive, then the sample is lighter than the standard. If negative, it would be 
darker than the standard. 
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• If ∆a is positive, then the sample is more red (or less green) than the standard, if 
negative, it would be more green (or less red). 
• If ∆b is positive, then the sample is more yellow (or less blue) than the standard, if 
negative, it would be more blue (or less yellow)  
 
 
Figure 8. Surface color (L,a & b values) of sorghum buns. 
Results in figure 8 above shows color differences between buns made from flour samples 
of the two sorghum varieties. The statistical analysis results showed no significant 
difference (p >0.05) in L, and a values between treatments and variety for the sorghum 
and wheat samples but a significant difference (p < 0.05) in b values between wheat and 
sorghum samples. The Color difference calculated as SAMPLE minus STANDARD 
shows that sorghum buns has dark color compared to buns made from wheat flour, with 
those made from red tannin being  more darker (L scale). According to Karegero and 
Mtebe (1994) golden brown color is the desired color in buns. While buns made from the 
food grade white macia flour had a light color and closer to wheat bun color, buns made 
from the red tannin sorghum flour had dark colors.  
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The relative oil uptake  
The amount of oil absorbed by wheat and sorghum buns was determined as described 
earlier. Results show that buns made from wheat flour (100%) had higher oil uptake, than 
buns made from different sorghum flour samples (treated and untreated) of both sorghum 
cultivars
 
Figure 9. Relative amount of oil up take in sorghum and wheat buns. 
There was no significant difference (p >0.05)  in oil uptake between buns made 
from different sorghum flour samples as well as oil uptake between buns made by flour 
from white Macia and red tannin sorghum variety. Treatment and sorghum variety had no 
significant effect (p >0.05) on the amount of oil uptake in sorghum bun samples. 
However, buns made from wheat flour had significant (p < 0.05) higher oil uptake 
(Figure 9) than the sorghum samples. The amount of oil in wheat is double the amount in 
sorghum. This means that by mixing 30% of sorghum flour in composite flour the 
amount of oil went down by almost half the amount used in wheat bun. Sorghum flour 
may be used in the preparation of low fat food products.   
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%Moisture contents in sorghum dough and buns  
 
 
Figure 10. .% moisture content in sorghum bun. 
         
 
Figure 11. The %Moisture content in sorghum  dough. 
                         Figures 10 and 11 above shows the amount of water in buns and in dough. 
There is more water in dough than in respective buns.  There is no significant difference 
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within the dough samples and within bun samples respectively. Less water in buns than 
in the dough could be due to water loss by evaporation during frying. 
Conclusion 
This study demonstrated that both malting and fermentation do have 
positive effects on the composition and functionality of sorghum flour and buns. 
Malting process caused an increase in the amounts of reducing sugars in sorghum flour 
samples. Fermentation caused an increase in the amounts of soluble proteins and the free 
amino acids. Malting and fermentation pre-treatments can improve the composition and 
functionality of sorghum flour. Treated and untreated sorghum flours can be used to 
reduce the amount of oil in buns or other deep fried food product made from sorghum: 
wheat composite flour. There is no difference in the composition and functionality 
between food grade (Macia) and the red tannin (T159781) sorghum flours. 
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APPENDICES 
 
Appendix A: Map of Tanzania 
 
Map of Tanzania showing regions where sorghum is most produced and they include: 
Mara, Mwanza, Shinyanga, Tabora, Singida, Dodoma, Morogoro, Lindi and Mtwara. 
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Appendix B: Buns and Chappattis   
 
Buns made from composite flour (30%sorghum &70%wheat)  
 
 
                                                
 
Chapattis made from composite flour (30%sorghum &70%wheat) 
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Appendix C: Red & White Sorghum Kernels After Cleaning 
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Appendix D: Red & White Sorghum Kernels After Germination 
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Appendix E: Hardness & Springiness Data 
No Rx Force(N)  no Rx Ratio 
1 1 34.56267  1 1 46.47333 
1 2 18.82476  1 2 57.89289 
2 1 56.68767  2 1 49.627 
2 2 25.01877  2 2 55.17367 
3 1 30.72567  3 1 49.62133 
3 2 18.83577  3 2 47.90067 
4 1 81.19367  4 1 43.094 
4 2 30.70633  4 2 52.34689 
5 1 134.2583  5 1 45.56033 
5 2 54.4281  5 2 52.14589 
6 1 22.848           6 1 52.66267 
6 2 17.78032  6 2 55.45422 
7 1 10.469           7 1 45.54933 
7 2 14.0256   7 2 39.69331 
8 1 16.96267  8 1 53.32367 
8 2 11.97688  8 2 54.805 
9 1 40.80167  9 1 46.90133 
9 2 21.62056  9 2 52.00833 
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Appendix F: Moisture Content in Dough 
No Rx %MC in dough 
1 1 26.05871399 
1 2 29.36869245 
2 1 24.27158051 
2 2 28.97998951 
3 1 22.55177761 
3 2 30.10185435 
4 1 18.36179296 
4 2 26.37455038 
5 1 25.36571429 
5 2 28.68270461 
6 1 26.08585459 
6 2 27.45990786 
7 1 27.18127382 
7 2 29.76088078 
8 1 24.46186876 
8 2 31.36541048 
9 1 22.05091357 
9 2 32.99311462 
 
KEY 
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1=Wheat 
2=regular macia 
3=malted macia 
4 =fermented macia 
5=malted and fermented macia 
6=regular T159781 
7=malted T159781 
8=fermented T159781 
9=malted and fermented T159781 
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Appendix G: pH & TA data 
 No pH TA 
1 1 6.6 1.2 
1 2 6.52 2.1 
2 1 5.75 4.3 
2 2 5.98 3.9 
3 1 3.98 16.8 
3 2 4.31 14.3 
4 1 4.02 18.2 
4 2 3.83 19.1 
5 1 6.6 1.8 
5 2 6.54 2.2 
6 1 5.77 5.8 
6 2 5.84 4.9 
7 1 4.53 14 
7 2 4.64 11.9 
8 1 4.14 25.8 
8 2 3.99 22.2 
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Appendix H: Moisture Content of Buns 
No Rx %MC in buns 
1 1 41.13913946 
1 2 46.19348105 
2 1 39.28646749 
2 2 46.90856526 
3 1 38.55654384 
3 2 45.4875237 
4 1 40.00633245 
4 2 43.00538348 
5 1 42.11325065 
5 2 45.18059357 
6 1 40.84740312 
6 2 43.66789838 
7 1 40.56704736 
7 2 45.29853993 
8 1 41.44792482 
8 2 43.8676006 
9 1 39.0290639 
9 2 45.17770268 
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Appendix I: Color 
No Rx  L a   b 
1 1 42.4333 19.8667  24.7333 
1 2 44.0667 19.4667  26.4667 
2 1 45.1667 20.0333  28.0667 
2 2 36.0667 13.6   21.0667 
3 1 40.9  19.2   23.8667 
3 2 35.4  12   19.2333 
4 1 40.333  16.7667  23.6 
4 2 31.9667 11.4667  15.7333 
5 1 39.7333 14   19.2667 
5 2 33.5  12.0667  15.2333 
6 1 39.8333 14.9   18.6333 
6 2 35.4333 16.5667  17.4667 
7 1 33.4  11.2   10.1667 
7 2 29.8333 11.7333  10.9667 
8 1 31.4  10.9333  10.2 
8 2 32.6333 13.2333  13.7333 
9 1 29.3  8.4333   8.6333 
9 2 27.5  9.3667   8.1 
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Appendix J: Oil Uptake 
no repl ou 
1 1 0.12463938 
1 2 0.146038983 
2 1 0.058874517 
2 2 0.065923694 
3 1 0.043955308 
3 2 0.03292756 
4 1 0.072717214 
4 2 0.049559985 
5 1 0.095283361 
5 2 0.07695741 
6 1 0.073556937 
6 2 0.069356515 
7 1 0.063394268 
7 2 0.056878735 
8 1 0.066794264 
8 2 0.045940727 
9 1 0.100921416 
9 2 0.048922936 
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Appendix K: Reducing Sugars 
 
 
 
 
 
repl wt (g) Abs 
RX 
(mg/ml) 
RX 
(mg/g) 
RX avg 
repl 
(mg/g) 
RX avg 
trt (mg/g) 
1 2 0.492 0.362 0.099877 20.30014 12.87174 16.89523 
1 2 0.4757 0.317 0.025894 5.443338   
1 3 0.492 0.36 0.096589 19.63182 20.91873  
1 3 0.4868 0.367 0.108097 22.20563   
2 1 0.5009 0.434 0.316467 6.317964 6.041692 8.930733 
2 1 0.5017 0.424 0.301843 6.016397   
2 1 0.5061 0.418 0.293068 5.790716   
2 2 0.497 0.31 0.014386 2.894473 5.288913 10.37525 
2 2 0.5145 0.218 -0.13687    
2 2 0.4654 0.323 0.035758 7.683353   
2 3 0.508 0.341 0.065351 12.86445 15.46159  
2 3 0.5145 0.355 0.088368 17.17556   
2 3 0.4803 0.349 0.078504 16.34476   
3 1 0.5009 0.443 0.329629 32.90363 30.16228 100.2801 
3 1 0.5005 0.405 0.274057 27.3783   
3 1 0.5045 0.426 0.304767 30.2049   
3 2 0.5046 0.475 0.285656 283.0515 153.2144 135.339 
3 2 0.5069 0.284 -0.02836    
3 2 0.4835 0.315 0.022606 23.37729   
3 3 0.5109 0.402 0.165639 162.1052 117.4637  
3 3 0.5069 0.366 0.106453 105.0039   
3 3 0.4699 0.35 0.080148 85.28194   
4 1 0.5003 0.278 0.08833 1.765539 1.852474 11.07002 
4 1 0.5006 0.279 0.089792 1.793694   
4 1 0.5006 0.286 0.100029 1.998187   
4 2 0.4924 0.243 -0.09577  6.462913 15.6788 
4 2 0.5036 0.324 0.037402 7.427002   
4 2 0.4709 0.317 0.025894 5.498823   
4 3 0.5091 0.276 -0.04151  24.89468  
4 3 0.5036 0.407 0.173859 34.52332   
4 3 0.4927 0.347 0.075216 15.26604   
5 1 0.5022 0.306 0.129278 2.574225 2.933793 17.35488 
5 1 0.5022 0.323 0.154139 3.069268   
5 1 0.502 0.326 0.158526 3.157886   
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5 2 0.5178 0.331 0.048911 9.445888 27.53359 24.56542 
5 2 0.5135 0.433 0.216605 42.18209   
5 2 0.4764 0.391 0.147554 30.97281   
5 3 0.4869 0.342 0.066995 13.7596 21.59725  
5 3 0.5135 0.394 0.152487 29.69555   
5 3 0.4681 0.362 0.099877 21.33662   
6 1 0.5033 0.359 0.206786 4.108595 4.252151 14.57664 
6 1 0.5037 0.363 0.212635 4.221467   
6 1 0.4969 0.368 0.219947 4.426391   
6 2 0.4944 0.387 0.140978 28.51501 16.14895 19.73889 
6 2 0.5087 0.207 -0.15495    
6 2 0.4672 0.312 0.017674 3.782888   
6 3 0.5248 0.381 0.131114 24.98358 23.32882  
6 3 0.5087 0.363 0.101521 19.9569   
6 3 0.5038 0.378 0.126182 25.04598   
7 1 0.4983 0.511 0.429073 43.05367 40.71124 159.4585 
7 1 0.5029 0.472 0.372039 36.98932   
7 1 0.5097 0.511 0.429073 42.09072   
7 2 0.5096 0.501 0.328401 322.2146 244.2394 218.8322 
7 2 0.4994 0.275 -0.04316    
7 2 0.4734 0.397 0.157419 166.2641   
7 3 0.5092 0.5 0.326757 320.8534 193.425  
7 3 0.4994 0.394 0.152487 152.6698   
7 3 0.4909 0.365 0.104809 106.7518   
8 1 0.5017 0.3 0.120503 2.401895 2.440014 11.47267 
8 1 0.5011 0.304 0.126353 2.521507   
8 1 0.5028 0.3 0.120503 2.39664   
8 2 0.5191 0.276 -0.04151  9.314536 15.989 
8 2 0.5029 0.287 -0.02343    
8 2 0.4545 0.327 0.042335 9.314536   
8 3 0.508 0.23 -0.11714  22.66346  
8 3 0.5029 0.394 0.152487 30.32146   
8 3 0.4903 0.346 0.073572 15.00545   
9 1 0.5064 0.413 0.285756 5.642892 5.281811 25.21977 
9 1 0.5022 0.41 0.281369 5.602724   
9 1 0.5036 0.376 0.231647 4.599815   
9 2 0.4933 0.307 0.009453 1.916349 36.26748 35.18875 
9 2 0.4973 0.433 0.216605 43.55621   
 2 0.49 0.49 0.310316 63.32989   
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9 
9 3 0.5198 0.311 0.01603 3.0838 34.11002  
9 3 0.4973 0.477 0.288944 58.10249   
9 3 0.4865 0.423 0.200164 41.14376   
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Appendix L: Free Amino Acids 
o repl wt (g) abs 
AA 
(mg/ml) 
AA 
(mg/g) 
AA repl 
(mg/g) 
AA trt 
(mg/g) 
1 2 0.4757 0.423 0.004921 5.17282 5.17282 4.959059 
1 3 0.4868 0.409 0.00462 4.745297 4.745297  
2 1 0.4888 0.205 0.000228 0.046686 0.045072 4.016927 
2 1 0.5184 0.212 0.000379 0.073091   
2 1 0.502 0.198 7.75E-05 0.015439   
2 2 0.4654 0.741 0.011767 12.64234 6.72835 6.002855 
2 2 0.497 0.232 0.000809 0.814359   
2 3 0.4803 0.609 0.008926 9.291824 5.277359  
2 3 0.508 0.254 0.001283 1.262894   
3 1 0.4993 0.216 0.000465 0.093134 0.167134 4.55403 
3 1 0.5134 0.224 0.000637 0.124122   
3 1 0.5046 0.261 0.001434 0.284146   
3 2 0.4835 0.568 0.008043 8.317536 6.810369 6.747478 
3 2 0.5046 0.443 0.005352 5.303202   
3 3 0.4699 0.565 0.007978 8.489542 6.684586  
3 3 0.5109 0.426 0.004986 4.879631   
4 1 0.5034 0.377 0.003931 0.780912 0.841508 6.609103 
4 1 0.4951 0.413 0.004706 0.950542   
4 1 0.5174 0.385 0.004103 0.793069   
4 2 0.4709 0.957 0.016418 17.43221 9.629886 9.4929 
4 2 0.4924 0.278 0.0018 1.827564   
4 3 0.4927 0.969 0.016676 16.92307 9.355915  
4 3 0.5091 0.279 0.001821 1.788758   
5 1 0.4917 0.403 0.004491 0.913331 0.879073 6.337631 
5 1 0.4983 0.396 0.00434 0.870992   
5 1 0.5013 0.393 0.004276 0.852895   
5 2 0.4764 0.873 0.014609 15.33297 9.003185 9.066911 
5 2 0.5178 0.323 0.002769 2.673395   
 
5 3 0.4681 0.862 0.014372 15.35189 9.130637  
5 3 0.4869 0.326 0.002833 2.90938   
6 1 0.5059 0.216 0.000465 0.091919 0.051687 2.259493 
 
 
 
6 1 0.5183 0.218 0.000508 0.098027   
 
 
 
6 1 0.5184 0.186 -0.00018 -0.03488   
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6 2 0.4672 0.417 0.004792 5.128692 3.626838 3.363396 
6 2 0.4944 0.292 0.002101 2.124984   
 
6 3 0.5038 0.388 0.004168 4.136485 3.099955  
6 3 0.5248 0.295 0.002166 2.063424   
7 1 0.4901 0.36 0.003565 0.727428 0.733513 7.639531 
7 1 0.4921 0.357 0.003501 0.711347   
7 1 0.5104 0.375 0.003888 0.761766   
7 2 0.4734 0.954 0.016353 17.27193 11.97973 11.09254 
7 2 0.5096 0.511 0.006816 6.687531   
7 3 0.4909 0.82 0.013468 13.71791 10.20535  
7 3 0.5092 0.511 0.006816 6.692784   
8 1 0.5042 0.435 0.00518 1.027323 0.850014 4.035499 
8 1 0.4961 0.393 0.004276 0.861835   
8 1 0.4971 0.347 0.003285 0.660884   
8 2 0.4545 0.608 0.008904 9.795597 5.99268 5.628242 
8 2 0.5191 0.3 0.002273 2.189763   
8 3 0.4903 0.572 0.008129 8.289997 5.263804  
8 3 0.508 0.3 0.002273 2.237611   
9 1 0.4918 0.57 0.008086 1.644187 1.847997 8.504589 
9 1 0.5009 0.733 0.011595 2.314886   
9 1 0.5034 0.565 0.007978 1.584917   
9 2 0.49 1.177 0.021154 21.58564 12.8178 11.83288 
9 2 0.4933 0.38 0.003996 4.049964   
9 3 0.4865 1.005 0.017451 17.93528 10.84797  
9 3 0.5198 0.376 0.00391 3.760658   
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Appendix M: Soluble Proteins 
   Sample              repl 1                       repl 2x 
1  wheat  59.61299  37.92782 
2  MRg  46.51520  40.54250 
3  Mmal  29.05345  13.57728 
4  Mfe  42.10051          63.44611 
5  Mmalfe 31.04970   70.48841 
6  TRg  76.81208  52.64769 
7 Tmal  37.93488  49.22976 
8  Tfe  36.75709  90.36483 
9  Tmalfe 37.73958          99.91738 
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Appendix N: Methods 
1. pH and titratable acidity measurement 
The pH of the supernatant material of the regular, fermented, malted and malted and 
fermented flours from both macia and T1597981 sorghum samples, will be measured 
with a glass electrode. The titratable acidity will be determined by titration with 0.1 N 
NaOH to an end-point of 8.2. The titratable acidity will then be expressed as the volume 
of sodium hydroxide solution required to neutralize 1 ml of supernatant. 
2. Reducing sugars determination (Dinitrosalicylic acid method) 
Preparation of DNS reagent and the supernatant material. 
Cover a 2000ml beaker with foil and dim lights in lab to reduce exposure to light. Add 
600ml water and use magnetic stirring to dissolve 10g of 3, 5-dinitrosalicylic acid. 
Slowly add 16g of sodium hydroxide, allow to dissolve .Slowly add 300g of sodium 
potassium tartrate tetrahydrate over a 20-30 min period. Warm to less then 45C to clear 
the solution. Adjust volume to 1L.Store in amber bottle. Weigh 0.5g flour into microfuge 
tube, and then add 10ml of water. Shake at room temperature for 1hr.Centrifuge at 
3000rpm for 10min. 
The reducing sugars in the supernatant material of the regular, fermented, malted and 
malted and fermented flours from both macia and T1597981 sorghum samples, will be 
determined by the 3, 5- dinitrosalicylic acid (DNS) colorimetric methods, with glucose as 
the standard. 
Procedure  
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Pipette 0.2ml supernatant material into a 5ml glass screw cap tube. Add 2ml of DNS 
reagent and cap.  Boil in water bath for 5 min. cooling in ice water. Then read absorbance 
at 540 mm. Compare absorbance with a blank containing water and DNS reagent. The 
blanks will be prepared by substituting sample solution for distilled water. All 
measurements will be made in triplicate. 
3. Total sugars determination 
A modified phenol–sulfuric acid method will be used to determine total 
sugars/carbohydrates present in the supernatant material of the  regular, fermented, 
malted and malted and fermented flours from both macia and T1597981 sorghum 
samples. 
Procedure  
Add 0.2 ml of 5% (w/w) phenol to 0.2ml of sample solution. While vortexing, add 1 ml 
of concentrated sulfuric acid .Let it stand for 10 min. Cool  in  water bath 10-25 min, 
Read absorbance at 480  for pentoses and 490 for hexoses.The blanks will be prepared by 
substituting sample solution for distilled water. All measurements will be made in 
triplicate. 
4. Total amino acids determination 
The quantitative measurement of free amino acids of the supernatant material of the 
regular, fermented malted and malted and fermented flours from both macia and 
T1597981 sorghum samples, will be performed using the ninhydrin reaction. Two ml of 
buffered ninhydrin reagent (0.8 g of ninhydrin and 0.12 g of hydrindantin dissolved in 30 
ml of 2-methoxyethanol plus 10 ml of acetate buffer 4 M, pH 5.5) will be added to 2 ml 
of sample and heated in a boiling water bath for 15 min. The mixture will be cooled to 
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room temperature (ca. 25 °C), 3 ml of 50% ethanol will be added and the absorbance will 
be read at 570 nm after 10 min (Shimadzu UV-160A spectrophotometer). The amount of 
amino acids will be determined by referring to a standard curve previously prepared with 
arginine. The blanks will be prepared by substituting sample solution for distilled water. 
All measurements will be done in triplicate. 
5. Lowry method for protein 
Reagents 
Solution A: 1% (w/v) copper sulfate pentahydrate 
Solution B: 2% (w/v) sodium potassium tirtrate 
Solution C: 0.8% (w/v) sodium hydroxide 
Solution D: 4% (w/v) sodium carbonate 
Lowry reagent 1: Combine in order: 24.5 ml of solution C, 24.5 ml of solution D, 0.5 ml 
of solution A, and 0.5 ml of solution B. 
Lowry reagent 2: Dilute 2 N Folin-Ciocalteau phenol reagents with an equal volume of 
water. 
Procedure 
Weigh 0.5 (±.01) g of flour into a test tube and shake at room temperature for 1 h 
Pour about 1 ml into a microfuge tube and centrifuge at 14000rpm for 10 min 
Add 1 ml of Lowry reagent 1 to 0.2 ml of sorghum extract containing <1 mg of 
protein/ml 
Mix well and let stand at room temperature for 10 min 
Add 0.1 ml of Lowry reagent 2 and vortex mix immediately 
Let stand at room temperature for 30 min 
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easure absorbance at 750 nm 
Use bovine serum albumin as standard (up to 1 mg/ml) 
References 
Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with the Folin 
phenol reagent. J. Biol. Chem. 1951; 193:265. 
Peterson GL. Review of the Folin phenol quantitation method of Lowry, Rosebrough, 
Farr, and Randall. Anal. Biochem. 1979; 100:201. 
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Appendix P: Bun Making 
 1. Materials/equipments: 
• Whole sorghum flours ( regular, malted, fermented,  malted and fermented)  
• Whole wheat flour  
• Yeast  
• Baking powder  
• Sugar  
• Oil for frying  
• Frying pans(deep frying) 
2. Basic recipe: 
• Sorghum flour 130g (30%) 
• Wheat flour 303.3g (70%) 
• Wheat flour 433.3g (100%) 
• Yeast 8.7g, 
• Baking powder 2.7g 
• Sugar 36.1g, 
• Water 216mls. 
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3. Procedure: 
• Warm the water 
• Mix the dry yeast and sugar with 50ml.of warm water. 
• Stir, leave to stand until the ingredients are dissolved. 
• Measure composite flour (30:70) sorghum= 130g and wheat=303.3g.  
• Measure wheat flour 100%=433.3g 
• Sieve the composite flour, salt and baking powder into a mixing bowl. 
• Add the yeast suspension to the mixture into a mixing bowl  
• Warm about 3.8ml of oil  
• Add the warm oil 
• Knead until the dough is smooth and elastic 
• Leave to stand for about 20-25 minutes. 
• Divide the dough into 4 equal portions 
• Fry the buns in hot oil until golden brown 
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Appendix Q: Standard curves 
Reducing sugars 
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Soluble proteins 
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Amino Acids 
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Appendix R: TPA 
 
Start Batch 
TRg1 TRg1    
TRg11 TRg1  20.978 53.235 
End Batch 
TRg1 TRg1    
Start Batch 
TRg2 TRg2    
TRg22 TRg2  25.836 52.7 
End Batch 
TRg2 TRg2    
Start Batch 
TRg3 TRg3    
TRg33 TRg3  21.73 52.053 
End Batch 
TRg3 TRg3    
Start Batch 
Tmal1 Tmal1    
Tmal11 Tmal1  9.519 45.882 
End Batch 
Tmal1 Tmal1    
 
 
 
 
Start Batch 
Tmal2 Tmal2    
Tmal22 Tmal2  9.631 46.493 
End Batch 
Tmal2 Tmal2    
Start Batch 
Tmal3 Tmal3    
Tmal33 Tmal3  12.257 44.273 
End Batch 
Tmal3 Tmal3    
Start Batch 
Tfe1 Tfe1    
Tfe11 Tfe1  19.302 50.613 
End Batch Tfe1 Tfe1    
Start Batch 
Tfe2 Tfe2    
Tfe22 Tfe2  16.664 55.394 
End Batch Tfe2 Tfe2    
Start Batch 
Tfe3 Tfe3    
Tfe33 Tfe3  14.922 53.964 
    74 
 
End Batch Tfe3 Tfe3    
Start Batch 
Tmafe1 Tmafe1    
Tmafe11 Tmafe1  41.598 47.21 
End Batch 
Tmafe1 Tmafe1    
 
 
 
Start Batch 
Tmafe2 Tmafe2    
Tmafe22 Tmafe2  34.205 49.566 
End Batch 
Tmafe2 Tmafe2    
Start Batch 
Tmafe3 Tmafe3    
Tmafe33 Tmafe3  46.602 43.928 
End Batch 
Tmafe3 Tmafe3    
End of Test Data    
 
 
Test ID Batch  
Force  
1 
Ratio 
1:2 
   N % 
   
Force  
1 
Ratio 
1:2 
     
Start Batch 
control 1 control 1    
control 11 control 1  42.357 51.305 
control 12 control 1  45.015 49.242 
control 13 control 1  16.316 38.873 
End Batch 
control 1 control 1    
Start Batch MRg MRg    
MRg1 MRg  68.442 44.962 
MRg2 MRg  52.706 50.917 
MRg3 MRg  48.915 53.002 
End Batch MRg MRg    
     
Start Batch MFe MFe    
MFe1 MFe  72.597 44.705 
End Batch MFe MFe    
Start Batch 
MFe2 MFe2    
MFe22 MFe2  78.2 45.169 
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End Batch MFe2 MFe2    
Start Batch Mfe3 Mfe3    
Mfe33 Mfe3  92.784 39.408 
End Batch Mfe3 Mfe3    
Start Batch 
Mmalfe1 Mmalfe1    
Mmalfe11 Mmalfe1  185.982 44.731 
End Batch 
Mmalfe1 Mmalfe1    
Start Batch 
Mmalfe2 Mmalfe2    
Mmalfe22 Mmalfe2  121.863 46.51 
End Batch 
Mmalfe2 Mmalfe2    
Start Batch 
Mmalfe3 Mmalfe3    
Mmalfe33 Mmalfe3  94.93 45.44 
End Batch 
Mmalfe3 Mmalfe3    
Start Batch 
Mmal1 Mmal1    
Mmal11 Mmal1  26.865 54.049 
End Batch 
Mmal1 Mmal1    
Start Batch 
Mmal2 Mmal2    
Mmal22 Mmal2  32.367 46.85 
End Batch 
Mmal2 Mmal2    
Start Batch 
Mmal3 Mmal3    
Mmal33 Mmal3  32.945 47.965 
End Batch 
Mmal3 Mmal3    
End of Test Data    
     
 TA Settings: Test Mode: Measure Force in Compression 
  Option: Hold until Time 
  Pre-test Speed: 2.0 mm/second 
  Test Speed: 1.0 mm/second 
  Post-test Speed: 10.0 mm/second 
  Distance: 7.0 mm 
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  Time: 32.00 sec. 
  Trigger Type: Auto - 5g 
  Tare Mode: Auto 
  Data Acquisition Rate: 200 pps 
 Accessory: 18 mm rounded edge probe 
 Sample Preparation 
Cut the bottom crust and sides off the bun to make a square shape approximately 1 inch 
by 1 inch. Place the sample in the plastic box with side walls 25 mm high to cut the top 
off bun. Compress 6 buns per variable per test day. Use a macro designed to mark the 
forces at 6.25 mm, 7.0 mm and the force after the probe has been held at 7.0 mm for 30 
seconds. The last force is then expressed as a ratio to the initial force at 7.0 mm (f3/f2) 
indicating bun percent springiness. 
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 Results
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 About the method 
This method is from a collection of procedures for testing the texture of common bakery 
products with the TA.XT2 Texture Analyzer. These procedures have been developed by 
and are used at the American Institute of Baking's Experimental Bakery Lab in 
Manhattan, Kansas. It is the philosophy of the researchers at the AIB to have extremely 
flexible protocols for texture testing. Bakery products come in every imaginable type and 
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shape, so meaningful textural comparisons must account for the different product 
geometry's.  
These test procedures typically manage differences in geometry by reducing the products' 
size to a common denominator. Generally, the objective of most of these tests is to 
measure the firmness and shelf life of a baked product. Since the bulk of these protocols 
address sample handling, they can and should be modified slightly if the test objective is 
different (eg springiness, cohesiveness, resilience, etc). These protocols are simply 
starting places for developing test methods that are suitable for your own products. A 
researcher should be comfortable modifying the sample handling protocols, test speeds 
and distances to accommodate any specific purposes. 
 
 
 
 
Appendix S: Moisture Content & Oil Content in Buns and Dough 
  I 
Moisture 
content of Buns 
&Dough 
  
 Buns Dough 
Rep2 
    
wt 2 wt3 wt4 wt5 wt6 
tt+samp 
samp 
wt tt+samp 
samp 
wt 
wt 
water 
bef 
drying (wet) 
aft 
drying (dry)  
14.962 9.129 12.5831 6.7501 2.3789 
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13.977 8.086 12.0144 6.1234 1.9626 
14.599 9.029 12.5628 6.9928 2.0362 
14.938 9.37 13.2175 7.6495 1.7205 
14.287 8.75 12.0675 6.5305 2.2195 
18.165 12.626 14.8714 9.3324 3.2936 
14.778 9.185 12.2814 6.6884 2.4966 
16.59 10.713 13.9694 8.0924 2.6206 
15.474 9.742 13.3258 7.5938 2.1482 
Rep2 
   
 
wt 2 wt3 wt4 wt5 wt6 
tt+samp 
samp 
wt tt+samp 
samp 
wt 
wt 
water 
bef 
drying (wet) 
aft 
drying (dry)  
18.02 12.527 12.8665 7.3735 5.1535 
16.91 11.38 12.4392 6.9092 4.4708 
17.299 11.805 12.7474 7.2534 4.5516 
15.049 9.475 11.2584 5.6844 3.7906 
18.098 12.256 12.9366 7.0946 5.1614 
17.974 12.438 12.8934 7.3574 5.0806 
17.826 12.521 12.7466 7.4416 5.0794 
18.554 12.77 13.2611 7.4771 5.2929 
16.653 10.907 12.3961 6.6501 4.2569 
 
Buns Rep3 
    
wt 1 wt 2 wt3 wt4 wt5 wt6 
tt wt tt+samp 
samp 
wt tt+samp 
samp 
wt 
wt 
water 
 
bef 
drying (wet) 
aft 
drying (dry)  
 
 
 
 
5.6599 12.4474 6.7875 10.454 4.7941 1.9934 
5.4181 12.0896 6.6715 10.1562 4.7381 1.9334 
5.6544 11.9477 6.2933 10.0533 4.3989 1.8944 
5.3488 11.7709 6.4221 10.0771 4.7283 1.6938 
5.5738 12.6861 7.1123 10.6461 5.0723 2.04 
5.6261 13.0278 7.4017 10.9953 5.3692 2.0325 
5.4136 10.6453 5.2317 9.0883 3.6747 1.557 
5.5754 14.7221 9.1467 11.8532 6.2778 2.8689 
5.4519 12.8589 7.407 10.4151 4.9632 2.4438 
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Dough Rep3     
wt 1 wt 2 wt3 wt4 wt5 wt6 
tt wt tt+samp 
samp 
wt tt+samp 
samp 
wt 
wt 
water 
 
bef 
drying (wet) 
aft 
drying (dry)  
5.3012 15.8397 10.5385 10.9716 5.6704 4.8681 
5.3043 16.2345 10.9302 11.1073 5.803 5.1272 
5.521 15.2795 9.7585 10.8406 5.3196 4.4389 
5.4166 14.3885 8.9719 10.5301 5.1135 3.8584 
5.6191 16.7989 11.1798 11.7478 6.1287 5.0511 
5.3531 11.0092 5.6561 8.5393 3.1862 2.4699 
5.5577 15.4408 9.8831 10.9639 5.4062 4.4769 
5.3943 14.1315 8.7372 10.2987 4.9044 3.8328 
5.4714 13.5495 8.0781 9.9 4.4286 3.6495 
 
CALCULATIONS 
%MC= (wt2-wt3/wt2-wt1)*100 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A     OIL    
CONTENTS 
BUNS 
 
Sample  %0il 
MRg 0.080136 8.013614 
Mmal 0.074624 7.462404 
Mfe 0.080553 8.055324 
Mmalfe 0.10512 10.51203 
TRg 0.089043 8.904293 
Tmal 0.083132 8.313164 
Tfe 0.077457 7.745696 
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Tmalfe 0.096834 9.683415 
Wheat 0.146981 14.6981 
   
   
   
 
B  OIL 
CONTENTS 
DOUGH 
 
Sample  Oil %oil 
MRg 0.017737 1.773703 
Mmal 0.036183 3.618261 
Mfe 0.019415 1.941464 
Mmalfe 0.019 1.899995 
TRg 0.017586 1.758621 
Tmal 0.022995 2.299514 
Tfe 0.021089 2.108947 
Tmalfe 0.021912 2.191197 
Wheat 0.011642 1.164186 
 
CALCULATION 
% Total oil uptake= (A-B)*100 
 
